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EFFECT OF SHAPE OF RADIOTELEGRAPH ANTENNA UPON ITS CAPACITY
This report concerns the relation between the el ectrostatic capacity of a radiotelegraph antenna and the number and spacing of its wires.
The Maxwell theory of electromagnetic wave teleg raphy is briefly stated and the importance of the cap acity in designing the antenna and the transmitting ap paratus is shown. The various shapes of the flat top L type antenna used in the tests are taken up and the method used for capacity measurements is discussed in detail.
The following general conclusions are drawn from the data secured:
The addition of wires in parallel to the antenna does not increase the capacity in direct proportion to the number added. The capacity varies roughly as the square root of the number plus a function of the spac ing. To secure the maximum increase in capacity the wires should not be too close together.
With the number of wires remaining the same, the capacity per square foot of antenna area varies inverse The last named one includes the effects of the other two.
All of these methods have been used at some time in the history of the art but the last is the only one which is of any great practical importance.
If we have an insulated conducting body (C, Fig. 1) above the surface of the earth and charged to a high potential, an electrostatic stress will be produced in the surrounding medium or ether as indicated in the figure. If there is a second conductor at A, this stress will be indicated by an electrometer E, and any change in the field will be shown by the action of the electrometer. This constitutes the first method. How if we have an elevated conductor and have some means of rapidly charging and discharging it, we have the essentials of the electromagnetic wave method. As the conductor is charging to its highest value, an el ectrostatic field is building up in the surrounding medium. As it discharges, the field collapses. These changes in the condition of charge cause displacement currents to flow in the conductor and, as a result, an electromagnetic field is set up. When the charge is a minimum, the current is a maximum and vice versa. Hence the maximum value of one field occurs when the other is lowest. It is the union of these two fields which con stitutes the electromagnetic wave. The strength of the electrostatic field depends upon the charge; that is, upon the potential. The strength of the other field depends upon the intensity of the current and hence upon the rate of charge and discharge of the conductor. As the rate increases, more of the electromagnetic energy combines with the electrostatic energy and radiates as waves.
To get this desired high rate of charge and dis charge, the early forms of the Marconi system made use of the method shown in figure three. An induction coil C charges the conductor or antenna A to a high poten tial. Up to a certain value the spark gap acts as an insulator. At a definite voltage it breaks down af fording a low resistance discharge path to the earth.
Since the conductor possesses both capacity and induc tance, the discharge is oscillatory when the resistance is less than the critical value, R 2Jl 7c , the freq uency depending upon the ratio of capacity to induc tance. When the charge has been dissipated thru resis tance and radiation, the gap resistance increases and the conductor receives another charge from the coil.
A very serious drawback to this system was the weakness of the waves. The energy for a complete wave This type of antenna gives a higher capacity and, since it is a distributed capacity, the above objections are
overcome. These additional wires may he placed ver tically or horizontally with respect to the earth hut the usual method is to make them horizontalm forming a flat top to the aerial.
The object of this investigation was primarily to determine the effect of the shape of the radiotelegraph antenna upon its electrostatic capacity. By shape I mean the number of wires, the distance apart, and, to some extent, the arrangement of the wires which compose the aerial.
In my work I made a small antenna of the flat top L type (F ig.5) using No. 14 B. and S. gage hare copper wire. By means of the pulleys, it could he quickly raised or lowered and with the guy rope A could he til ted so that the flat top was in a vertical or a hori zontal plane as desired. The lead-in wire to the in struments was taken off at one end by a rat-tail con nection B. The wires were connected at the opposite end by a single wire C. All electrical connections were well soldered. The spreaders D were drilled every six inches and wire loops were made at each hole to which the copper wires were fastened with harness snaps.
This afforded a means of quickly changing the wires. transformer was connected thru a spark gap (Fig.10) directly to the antenna and to the ground. The wave meter, which is simply a calibrated closed oscillatory circuit, was connected by-laterally as indicated in the figure.
At short intervals during the whole test, I re turned to the first combination used and remeasured the capacity, as a check, so as to be sure that the weather conditions did not affect the results.
The lead-in wire from the antenna was connected to a standard receiving and transmitting apparatus (F ig.
11). By use of a double-pole double-throw switch A, the antenna could be disconnected from this equipment and attached to the apparatus shown in Fig.12 for the purpose of measuring the capacity. For this I first tried the direct deflection test. This proved unsatis factory due to the high value of direct current charg ing voltage necessary to secure a readable deflection of the galvanometer with such a small capacity. In addition it is, at the best, but an approximate method.
The Thomson and Gott's methods were tried but were for similar reasons rejected in favor of the telephone-al ternating current method.
This method is more simple than any of the others with the possible exception of the first named. Fur thermore the apparatus required is easily portable. A standard condenser (C, Fig.12 ), a variable resistance a telephone receiver A and a source of low voltage al ternating current are the essentials. There is a cer tain relation between the legs R ' and R " of the resis tance for which C" :C '::R':R" . When this proportion is secured, the current thru the telephones, and hence the sound, becomes a minimum. I found that a high-resis tance (3000 ohms) telephone set gave much better re sults than the low resistance receiver usually used. This is probably due to the face that the former is more sensitive to current than the latter and the current which the low sixty cycle voltage will force thru the very low values of capacity and the high resistance is extremely small. Using this telephone method with a resistance variable in steps of one ohm, and a standard condenser of 0.05 and 0.025 micro-farad capacity, I was able to make the measurements with ease and accuracy.
The first attempt to run the test was made on a hot, sultry and cloudy day. The results obtained were very unsatisfactory due to changes in humidity and hence
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in the dielectric value of the air. The occurence of a light shower put a stop to the work because after the insulators became wet, it was almost impossible to obtain more than an approximate balance of the resis tance for the capacity measurement. A clear cool day was then chosen and, to avoid changes in conditions, the test was run thru as quickly as possible without sacrificing accuracy.
The data which were obtained will be found in Tables 1 to 4 in the appendix. Curves were drawn show ing the effect on capacity of the various combinations which were used. A study of these shows the following.
The addition of wired in parallel does not increase the capacity of the whole in direct ratio to the num ber. This is due probably to the screening effect of one wire upon the others. Furthermore, the wires must not be too close together if the maximum increase in capacity is wanted. The curves on sheet A show the variation of capacity, at constant spacings, with the number of wires. It is seen that the curves have ap proximately the shape of a parabola whose equation is Y2 = K*X. In this case Y represents the value of cap acity and X represents the number of wires. gives the value of capacity and of K for each combin ation. If K was constant, the capacity would vary as the square root of the number of wires but K is evi dently a function of both the spacing and the number.
The variation at wide spacings is very pronounced.
Evidently if the spacing was made great enough, each wire would act independently of the others. In shape, the curves closely approach the hyperbola which is expressed by the equation X :Y = K. They are not true hyperbolas, hence K is not constant. Table 3 shows that K varies inversely as the number of wires and as some power of the spacing.
It is not possible to get a mathematical express ion for the value of the capacity in terms of both the 
where CB is the capacity per square foot for the desired number, is the capacity per square foot for the known condition,
A is the number of wires for which the capacity is known, and B is the number for which the capacity is desired.
This will work successfully for spacings, above twelve to eithteen inches, within the range generally used.
The capacity per square foot for a two wire aer ial may be calculated from existing formulae without much trouble. Then since one value is known, the cap acity was measured for various shapes with the flat top of the antenna in both horizontal find:-vertical, planes. . The results are given in Table 4 . It is seen that the position has no effect whatever on the capac ity. This must mean that the capacity is dependent upon the actual area of the antenna and not upon the area as projected upon the earth.
A series of measurements was made when the distank end of the aerial was open and when it was closed.
As expected the capacity was the same for each condition.
It was also found that, within reasonable lim its, the capacity was independent of the height of the antenna above the earth.
The combinations shown in figures six to nine were tested as to capacity and fundamental wave length.
The capacity did not change. The wave length however is dependent upon the effective length of the wire, and hence it is greater for combinations 8 and 9 than for 6 and 7. The last two were a little below the range of the wave meter and the others were but slight ly higher. Since the length of wire in Pig.8 is the same as that in Fig.9 , the two have the same wave lengths. The data are given in Table 6 .
In all of this work the capacity considered is that of the flat top alone. The capacity of the leadin wire has been subtracted from the measured value in 
